Introduction: Intensive longitudinal data (ILD) collected with ecological momentary assessments (EMAs) can provide a rich resource for understanding the relations between risk factors and smoking in the time surrounding a cessation attempt. Methods: Participants (N = 142) were smokers seeking treatment at a safety-net hospital smoking cessation clinic who were randomly assigned to receive standard clinic care (ie, counseling and cessation medications) or standard care plus small financial incentives for biochemically confirmed smoking abstinence. Participants completed EMAs via study provided smartphones several times per day for 14 days (1 week prequit through 1 week postquit). EMAs assessed current contextual factors including environmental (eg, easy access to cigarettes, being around others smoking), cognitive (eg, urge to smoke, stress, coping expectancies, cessation motivation, cessation self-efficacy, restlessness), behavioral (ie, recent smoking and alcohol consumption), and affective variables. Temporal relations between risk factors and smoking were assessed using a logistic time-varying effect model. Results: Participants were primarily female (57.8%) and Black (71.8%), with an annual household income of <$20 000 per year (71.8%), who smoked 17.6 cigarettes per day (SD = 8.8). Individuals assigned to the financial incentives group had decreased odds of smoking compared with those assigned to usual care beginning 3 days before the quit attempt and continuing throughout the first week postquit. Environmental, cognitive, affective, and behavioral variables had complex time-varying impacts on smoking before and after the scheduled quit attempt. Conclusions: Knowledge of time-varying effects may facilitate the development of interventions that target specific psychosocial and behavioral variables at critical moments in the weeks surrounding a quit attempt. Implications: Previous research has examined time-varying relations between smoking and negative affect, urge to smoke, smoking dependence, and certain smoking cessation therapies. We extend this work using ILD of unexplored variables in a socioeconomically disadvantaged sample of smokers seeking cessation treatment. These findings could be used to inform ecological momentary interventions that deliver treatment resources (eg, video-or text-based content) to individuals based upon critical variables surrounding their attempt.
Introduction
Tobacco use is the leading cause of preventable death in the United States. 1 Unfortunately, smoking cessation attempts are typically unsuccessful. 2 While effective treatments increase abstinence rates, relapse is more common than cessation. 3 Low success rates have been attributed to our misunderstanding of the addiction process. 3 For instance, the urge to smoke is considered a defining characteristic of addiction. 4 However, its relation with smoking is inconsistent across studies. 5 These inconsistencies may be related to differences in assessment times (ie, how the measured characteristic relates to smoking may vary before and after a quit attempt) and to the length of the study assessment period (ie, most relapses occur in the first 5-10 days after a quit attempt). 5, 6 Thus, addiction researchers seek to develop a more complex understanding of the various influences on behavior change. 7 Intensive longitudinal data (ILD), which may be collected via ecological momentary assessments (EMAs), have provided a rich resource for understanding smoking in the time surrounding a quit attempt. [7] [8] [9] [10] [11] [12] EMA methods involve repeated assessment of individuals in their natural environments in near real-time. 13 Thus, EMAs can capture multiple psychological, emotional, and environmental factors that relate to an individual's smoking behavior in the natural environment. Gaining a better understanding of the relations between risk factors and smoking before and after a quit attempt may help public health researchers design more effective smoking cessation interventions. Nevertheless, EMA methods remain underused, 7 perhaps due in part to the need for novel analytical approaches capable of extracting the information embedded in the data. 10 The objective of the current study was to obtain a better understanding of the relation between risk factors and smoking in the critical period surrounding a quit attempt.
Time-Varying Effect Models
ILD analyses often aim to identify or re-affirm complex relations over time between potential risk factors and behavioral outcomes. 14 The application of time-varying effect models (TVEM) has become an increasingly popular approach to understanding the dynamic relation between a risk factor and a smoking outcome over time. [7] [8] [9] [10] [11] While most TVEM studies have focused on urge to smoke as an outcome, [7] [8] [9] 11 Vasilenko et al. 10 targeted the time-varying relations between smoking lapse and urge to smoke, cessation treatments, baseline smoking dependence, and negative affect in the 2 weeks after a quit attempt. They found that negative affect had an increasingly positive relation with smoking, starting 7 days after the quit date, and craving had a convex and concave relation with smoking, during the first and second week after the quit date, respectively. The findings indicate that risk factors may differentially affect smoking behaviors around the quit date. 15 Thus, it is of interest to study effects of particular risk factors before a quit attempt as well as after. Additionally, there are various other risk factors implicated in smoking behaviors beyond what was explored by Vasilenko et al. 10 Therefore, in addition to reproducing previous results (ie, time-varying relations between smoking, urge to smoke, and negative affect), it is important to explore potential time-varying relations between additional risk factors and smoking. This approach would capture changes in the relations between risk factors and smoking before and after a scheduled quit date.
Risk Factors for Smoking
A number of psychological and environmental factors have been shown to be associated with smoking. [16] [17] [18] For example, psychological factors such as urge to smoke, 5 negative affect, 19 restlessness, 20 stress, 21 motivation to quit, 22 self-efficacy to quit, 23, 24 and positive smoking expectancies 19, 22 have been shown to be associated with smoking. Declining restlessness and stress, as well as increasing positive coping expectancies before a quit attempt have predicted quit date abstinence. 22 Similarly, environmental factors such as cigarette availability, being around other smokers, and smoking restrictions in an individual's current location have been associated with smoking. 21 However, few studies have examined time-varying relations between smoking risk factors and smoking before and after a quit attempt. 9 In this study, we explored the time-varying relations between risk factors and smoking behaviors over a 2-week period (1 week before cessation through 1 week after a scheduled quit attempt) using a logistic TVEM, controlling for time-independent, baseline measures.
Methods

Procedures
Details of the data collection procedures and study design are reported elsewhere. 25 In brief, from August 2011 to April 2013, potential participants were recruited during an initial orientation visit at a Dallas, Texas-based safety-net hospital smoking cessation program. Interested individuals completed the informed consent document and were screened for study eligibility. Individuals were eligible if they were 18 years or older, able to read English at the seventh grade level or higher, smoked five or more cigarettes per day, registered an expired breath sample with a carbon monoxide (CO) level at 8 parts per million (ppm) or above, and were willing to quit smoking 1 week after the baseline visit. Of those screened, 146 individuals met the eligibility criteria and were randomized into treatment groups. Those excluded from the study did not differ from participants in terms of age, race, or gender, but did have lower literacy levels (p < .001) and CO readings (p < .001). 25 Participants were randomly assigned to receive usual smoking cessation care from the safety-net hospital (n = 71), which included group counseling and pharmacotherapy, or usual care combined with financial incentives for biochemically verified abstinence (ie, contingency management [CM]; n = 75). Individuals were informed of their treatment assignment at baseline, and those in the CM group were told they would receive financial incentives if they exhibited ≈12 h of abstinence on their scheduled quit date and 7 days of abstinence at the 1-, 2-, 3-, and 4-week follow-up visits. At the six clinic visits (weekly from 1 week prequit to 4 weeks postquit and again at 12 weeks postquit), abstinence was determined by biochemically verified self-report (self-reported abstinence and CO < 8 ppm). Baseline measures were collected a week before the scheduled quit date, and individuals were shown how to complete EMAs on a study-provided smartphone. During the 2-week EMA period (1 week before cessation through 1 week after a scheduled quit attempt), individuals were prompted by the smartphone to complete four random EMAs throughout the day. The phone audibly and visually cued each random assessment for 30 s. If the participant did not respond after three prompts, the assessment was recorded as missed. Overall, participants were compliant with EMA prompts, and responded to 81% of all random assessments.
Measures
At baseline, all participants reported on their age, sex, race/ethnicity, and smoking history (independent variables, Supplementary Table  S1 ). During each EMA, participants were asked if they had smoked since their last assessment (dependent variable), whether they had consumed alcohol in the past hour, as well as questions about psychological, social, and environmental factors that could contribute to increased lapse risk (independent variables, Supplementary Table S2 ).
Psychological/Affective Factors
On a scale from 1 (strongly disagree) to 5 (strongly agree), participants rated their urge to smoke, and their feelings of restlessness, stress, irritability, frustration/anger, sadness, worry, misery, happiness, and calmness. In addition, participants rated their positive coping expectancies (eg, "I am confident that I could do something other than smoke to improve my mood"), positive smoking expectancies (eg, I am confident smoking would improve my mood"), motivation to quit, and confidence in their ability to avoid smoking.
Social/Environmental Factors
Participants were asked whether or not there were other smokers around (yes/no), whether or not cigarettes were easily available (1 = not at all to 5 = easily available), whether or not smoking was allowed where they were (smoking is forbidden/discouraged/ allowed), and whether or not they were interacting with someone who was smoking (yes/no).
Analytical Approach
A multivariable logistic TVEM was used to examine the temporal effects of the selected risk factors on momentary smoking (defined as reporting having smoked even one puff since the last EMA) from 1 week before cessation through 1 week after the quit date. We used the R package mgcv to fit the TVEM for binary outcomes 26 and estimated time-varying effects using penalized cubic splines. To set the number of knots for the splines, we followed the approach proposed by Tan et al. 27 This approach iteratively adjusts the number of knots in the model until the coefficient functions stabilize. The model with the smallest Akaike information criterion was selected as the final model for analysis. 28 The relation of each risk factor with momentary smoking was allowed to vary over time. Additionally, we controlled for gender, race/ethnicity, years of education, and heaviness of smoking index (HSI) with time-invariant effects. See Supplementary Material for an example of our approach.
Results
A total of 5984 (2752 prequit and 3232 postquit date) random EMAs from 142 individuals had complete responses to all items and were used in the current analyses. Participants were primarily female (57.8%), Black (71.8%), were 52.3 years old (SD = 7.2), had a total household income of less than $20 000 per year (71.8%), had completed on average 12 years of education (SD = 2.0), and smoked an average of 17.6 cigarettes per day (SD = 8.8).
The results of the TVEM are plotted in Figure 1 , a-o. In these plots, time-varying effects are significant at a moment in time if the 95% confidence bands (shown in grey) do not include the dashed line (odds ratio = 1) at that particular time. Thus, odds ratios above the dashed line show a positive association with momentary smoking. Odds ratios below the dashed line signify a negative association. Figure 1a represents the odds of smoking over time for an individual with all risk factors in the model equal to zero (ie, a nonHispanic White male randomized to usual care who is not around or interacting with smokers, has no smoking restrictions or cigarettes available, has not consumed alcohol in the last hour with average urge to smoke, restlessness, negative affect, positive affect, positive coping expectancies, commitment to being smoke free, self-efficacy to abstain from smoking, HSI, and years of education completed). Figure 1b shows that the odds of smoking gradually decreased over the assessment period for a typical individual randomized to CM, compared with individuals randomized to usual care. This relation became significant 4 days before the quit attempt and remained significant throughout the assessment period.
For a typical individual, urge to smoke had an inconsistent relation with smoking over time (Figure 1c ). While predominately a positive and overall increasing relation, it was borderline significant during the 3 days before the scheduled quit attempt and again 6 days after the quit attempt. For interpretation, a 1 SD increase in urge to smoke around the quit date was associated with about 1.2 times greater odds of smoking for a typical individual, holding all else constant. By the end of the assessment period, the odds of smoking had increased to about 1.5 times greater.
In Figure 1d , we see that restlessness had a negative, relation with smoking over time that briefly became nonsignificant the day after the quit date. Figure 1 , e and f represent the relation between negative affect (ie, feelings of irritability, frustration/anger, sadness, worry, misery) and positive affect (ie, feelings of happiness, calmness) with smoking over time, respectively. Positive affect had a linear, negative relation with smoking that diminished after the quit attempt. Negative affect showed a positive relation with smoking after the quit attempt that increased abruptly on day 0 and leveled off soon after.
We observed a relatively constant, negative relation between positive coping expectancies and smoking over time, which became significant 2-3 days before the quit attempt and remained significant through the fifth day postquit (Figure 1g) . We also observed a fluctuating, negative relation between commitment to being smoke free and smoking over time. Early in the assessment period, we found that a 1 SD increase in commitment to being smoke free was associated with a 25% decrease in the odds of smoking for the typical individual, holding all else constant (Figure 1h ). However, this association was only significant briefly prequit.
For the entire assessment period, self-efficacy to abstain from smoking had a negative relation with smoking over time (Figure 1i ). The relation weakened slightly over the assessment period but remained significant until the last day of the assessment period. Also for the entire assessment period, having cigarettes available demonstrated an oscillating, positive relation with smoking (Figure 1j) . By the second day after the quit attempt, a 1 SD increase in cigarette availability was associated with 1.5 times greater odds of smoking for the typical individual, holding all else constant (Figure 1j) .
While the relation between having other smokers around and smoking increased soon after the quit attempt and remained positive thereafter, it never became statistically significant (Figure 1k) . Being in an area where smoking was discouraged was not associated with lower odds of smoking over time compared with being where smoking was allowed (Figure 1l ). However, being in an area where smoking was forbidden showed a decreasing, negative difference in the odds of smoking over time compared with being where smoking was allowed (Figure 1m ). This relation became significant 1 day before the start of the quit attempt and remained significant through the end of the assessment period.
Consuming alcohol in the past hour was associated with an increasing, positive relation with smoking over time compared with no consumption, which was only significant in the last 3 days of the assessment period (Figure 1n) . Additionally, interacting with smokers showed no statistically significant relation with smoking over time (Figure 1o ).
Discussion
In this study, we used a logistic TVEM to analyze the relation between smoking and risk factors around a quit attempt in a sample of socioeconomically disadvantaged smokers who were interested in quitting. These relations are commonly found to be inconsistent over time, 5, 20 exemplifying the complexity of smoking behaviors and illuminating the need to improve understanding of the link between smoking and known risk factors.
We found that CM was effective before the scheduled quit attempt and became increasingly effective through the first week after the quit attempt. Recall that individuals were informed of their treatment assignment at baseline, and those in the CM group received financial incentives for confirmed 12-h abstinence on the scheduled quit date. Thus, it is reasonable that the treatment would have an effect on smoking behaviors before the quit attempt. Kendzor et al. 25 showed that CM remained effective for reducing lapse through 12 weeks postquit. The current results suggest that the use of CM may not only be effective soon after a planned quit attempt, like pharmacological treatments, 10 but may also encourage individuals to reduce smoking before the quit attempt as well.
In this analysis, we were also able to reproduce two previously observed, time-varying relations with lapse, urge to smoke and negative affect. 5, 10, 29 Similar to a previous study, 10 we found a convex relation between urge to smoke and smoking just after the quit attempt and a positive relation between negative affect and smoking during the first week after the quit attempt. Additionally, our analysis revealed time-varying relations between smoking and restlessness, positive affect, positive coping expectancies, commitment to being smoke free, self-efficacy for quitting, having cigarettes available, smoking restrictions, and alcohol consumption. To our knowledge, this is the first time these time-varying relations have been identified. These results support the hypothesis that there are situational antecedents to smoking. 20 Further, findings suggest that relations between environmental, behavioral, cognitive, and affective risk factors and smoking vary over time. Future studies will be needed to replicate these results with other populations.
There are several limitations to this study. Although participants were followed for 12 weeks, EMAs were only collected for 1 week before and 1 week after the scheduled quit attempt. Thus, this work is limited to the temporal relation between risk factors and smoking only during the early phase of a quit attempt. Further, smartphone-based self-reports of smoking status were not biochemically verified, and studies have shown that individuals are not always honest in their reports about smoking. 30 In addition, the majority of the study sample (71.8%) had a total household income less than $20 000 a year, and participants were required to smoke 5 or more cigarettes per day to be included in the study. Thus, it is unclear if results would generalize to smokers with higher SES or lower levels of daily smoking. Finally, it is possible that the frequency of EMAs may have caused changes in participant experiences or behavior. For example, McCarthy et al. 31 found that EMA frequency was related to lower cravings, anxiety, anger, and positive affect, but not smoking lapse. However, multiple EMA studies examining substance use disorders have found that EMA methods generally result in little to no reactivity. [32] [33] [34] The method used in our analysis is able to deliver distinct and useful perspectives on smoking in the weeks before and after a quit attempt, but it requires large data sets and thorough understanding of the method, in order for it to be applied appropriately. Further developments for this method, including variable selection methods for TVEMs, would provide researchers a more robust toolset for the complex data structures found in ILD.
Ecological momentary interventions, which use mobile technology to deliver real-time, health behavior interventions to individuals in their natural environments, can be tailored to respond to individuals' current internal and external cues to unhealthy behaviors by using information collected with EMAs. 21, 35, 36 In previous smoking cessation studies, researchers have successfully used mobile technology-delivered resources (eg, advice, instructions, guided meditation, motivational support, distractions) to discourage smoking behaviors. Some of these studies have been tailored to individuals' baseline characteristics (eg, age, nicotine dependence, gender) 37, 38 and have allowed individuals to request personalized resources based on their current needs (eg, experiencing an urge to smoke or recently lapsing). 38, 39 However, it is important to intervene further at critical times given an individual's current risk for smoking. 40 Behavioral scientists could use the temporal relations between smoking and risk factors identified in this study to aid in the design of ecological momentary interventions that provide specific resources that are tailored to individuals at the most opportune times given their current cognitions, affect, behaviors, and environments. This type of novel realtime intervention has only recently become possible due to the recent growth in smartphone ownership in general (ie, 77% of Americans own smartphones) and among low-income adults (ie, 64% own smartphones). 41 
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